The rhizobacteria were isolated from rhizosphere of rice plant of different fields of 4 districts of Nepal and 5 districts of Bihar and Uttar Pradesh, adjoining states of India with Nepal. The DGGE analysis was performed for diversity analysis. For the construction of dendrogram, 16S rRNA gene was amplified by two different sets of primers. The DGGE ladder consisting of PCR amplified products of nine pure bacterial cultures were obtained. The first DGGE ladder was prepared by 400 bp fragment of 16S rDNA with GC clamp and the second DGGE ladder was prepared with 200 bp fragment of 16S rDNA with GC clamp. The perpendicular DGGE of these amplicons based on their melting behavior clearly demonstrated separation of different isolates. The 16S rDNA fragment amplified with primer set of V2-V3 regions with GC clamp showed separation between 40-60% of denaturant. The DGGE profile based on primer set F352T and 519r for various bacteria present in soil samples of 5 districts of India and 4 districts of Nepal revealed that the number of bands which might be specific for diazotrophic isolates varied from 2 to 11. The dendrogram constructed based on DGGE profile of various samples of 5 districts of India and 4 districts of Nepal showed that all the samples could be clustered in nine groups with 58-96% similarity to each other. Among all these 37 samples, only Var-4 and Var-5 showed 100% similarity, no other samples from any site showed 100% similarity.
Introduction
The fraction of soil adhering and surrounding to plant roots is defined as the rhizosphere. It is believed that rhizosphere plays import role in plant health and soil fertility. Root exudates selectively influence the growth of microbial populations by altering the presence of substrates in soil near roots (Jaeger et al., 1999; Yang and Crowley, 2000) . The structural and functional diversity of rhizospheric microbial populations is supposed to be influenced by alterations in root exudation and rhizodeposition in different root zones, and in relation to soil type, plant species, growth stage, cultural practices, such as tillage and crop rotation and other environmental factors (De Leij et al., 1994; Latour et al., 1996; Westover et al., 1997; Grayston et al., 1998; Horwath et al., 1998; Lupwayi et al., 1998; Shrivastava, 2013b) . Microorganisms present in rhizosphere in turn exert strong effects on plant growth and health by nutrient solubilisation (Shrivastava, 2015) , N2 fixation, or by the production of plant hormones (Höflich et al., 1994; van Loon et al., 1998; Shrivastava, 2013a) or by siderophore production (Shrivastava and Kumar, 2011) or by 1-Aminocyclopropane-1-Carboxylate Deaminase (ACCD) activity (Shrivastava and Kumar, 2013) . Increased plant productivity also results from the suppression of deleterious microorganisms by antagonistic bacteria while soil-borne pathogens can greatly reduce plant growth. It has been evident influence on bacterial and fungal communities as well as on the plant (Watkinson, 1998) .
A trusted technique for deciding the diversity of organisms in the environment and environmental samples has for quite some time been looked for by microbiologists. In recent days, denaturing inclination gel electrophoresis (DGGE) analysis of 16S rRNA gene has been proved a better tool for complex microbial diversity study (Muyzer et al., 1993) and analyse the phylogenetic relationship among group individuals (Muyzer and de Waal, 1994; Muyzer et al., 1995) . GC region rich PCR product of 16S rRNA gene is utilized for diversity study (Wawer and Muyzer. 1995) . One of the PCR primers includes a GC-rich sequence (GC clamp) on its 59 end that imparts melting stability to the PCR products in a denaturing gradient gel. As a result, all a similar size products are separated into distinct similar
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The present study is an attempt to examine molecular diversity of rhizobacteria associated with the rice plant of Indo-Nepal border using the technique of DGGE.
Materials and Methods

Study Sites and Sample Collection
The rhizobacteria were isolated from rhizosphere of rice plant of different fields of Nepal and Bihar and Uttar Pradesh, only two states of India adjoining to the border area of Nepal.
Genomic DNA Isolation 5 mL of exponentially grown culture was harvested by centrifugation at 8000 rpm for 5 min. The pellet was washed with 1 mL STE (Sodium chloride-Tris-EDTA buffer) and resuspended in 567 µL TE buffer. 30 µL SDS (10%) and 3 µL proteinase K (20 mg/mL) were added and then the samples were properly mixed by vortexing and incubated for 1 h for complete lysis of cells. Thereafter, 100 µL 5 M NaCl was added followed by the addition of 80 µL CTAB/NaCl and the tube was incubated at 65 o C for 10 min. Equal volume of phenol/chloroform/ isoamyl alcohol (25:24:1) was added to the suspension, mixed and spun at 12000 rpm for 10 min at 4 o C. Upper aqueous phase was collected carefully in fresh centrifuge tube (1.5 mL) and again equal volume of chloroform/isoamyl alcohol (24:1) was added, mixed and spun as mentioned above. Again upper clear aqueous phase was collected in fresh centrifuge tube and then 2 µL of DNase inactivated RNase (US Biologicals, Massachusetts, USA) from 10 mg/mL stock was added followed by incubation at 37 o C for 1 h. DNA was precipitated with 0.1 volume of 3 M sodium acetate (pH 5.2) and 0.6 volume of isopropyl alcohol. The precipitated DNA was washed twice with 70% ethanol, and the DNA pellet was air-dried. Finally, DNA was suspended in minimal volume of TE. Electrophoresis of genomic DNA was performed in a horizontal slab gel of 0.8 % agarose in a LKB 2012 Maxiphor Electrophoresis Unit attached with LKB 2301 Macro Drive Power Supply (Hoefer Scientific Instruments, San Fransisco, CA, USA). Ethidium bromide was present in the gel at a final concentration of 0.5µg/mL. 1 X TAE buffer was used for electrophoresis. DNA samples were prepared in 1 X gel loading buffer and the samples were run at 50 V for 3 h. The genomic DNA was monitored under long wave UV-light by a trans-illuminator (Bio-Rad Laboratories, USA).
Denaturing Gradient Gel Electrophoresis (DGGE) Analysis
The DGGE analysis was performed using a DCode Universal Mutation Detection System (Bio-Rad Laboratories, Hercules, CA, USA). PCR-DGGE amplicons were loaded in polyacrylamide gels (8% wt/vol acrylamide in 0.5· TAE buffer) with denaturant gradients of 40-70% for 16S rDNA-DGGE. The gels were electrophoresed at a constant voltage of 20 V for 15 min followed by 5 h 30 min at 200 V. After electrophoresis, gels were stained with ethidium bromide for 5 min and destained in distilled water for 20 min with agitation, after which their photograph was taken with gel documentation unit (Bio-Rad Laboratories, USA). Construction of dendrogram was performed with the help of NTSYSpc software, version 2.11a (Exeter Software, Setauket, NY). Similarities between each pair of isolates were estimated from the proportion of shared restriction fragments/amplicons identified in all the strains examined. Dendrograms were constructed from the similarity matrix by the UPGMA (Unweighted Pair Group Method with Arithmetic Averages) method.
Reagents for DGGE and CDGE
40% Acrylamide/Bis (37.5:1) 40% Acrylamide/Bis (37.5:1) was prepared using 38.93 g Acrylamide & 1.07 g Bis-acrylamide to make it 100.0 ml by adding DDW. Prepared solution was Filter through a 0.45 μm filter and store at 4 °C.
10% (w/v) Ammonium persulfate
10% (w/v) Ammonium persulfate was generally freshly prepared. Sometimes stored at -20 o C for about a week, if necessary.
50X TAE Buffer 50X TAE Buffer was prepared by 242.0 g of Tris base (2M), 57.1 mL of glacial acetic acid (1M), 100.0 mL of 0.5 M EDTA, pH 8.0 (50 mM) to make 1,000.0 mL after adding DDW. After mixing, it was autoclaved for 20-30 min and stored at room temperature.
1X TAE Running Buffer 140 mL of 50X TAE buffer was added in 6,860 mL of DDW to make 7,000 mL of 1X TAE Running Buffer Working reagents required for DGGE/ CDGE gel preparation is shown in Table 1 and 2X Gel loading dye is shown in Table-1 . Amplification of 16S rRNA gene with GC clamp for DGGE and CDGE 16S rRNA gene (400 bp with GC clamp) was amplified with the forward primer containing GC clamp at 5' end (Forward:5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GAC TGG CGG ACG GGT GAG TAA-3' and Reverse: 5'-CGT ATT ACC GCG GCT GCT GG-3'). Amplification of 16S rRNA gene was done with thermal profile set at; initial denaturation at 95 were tested, the other steps being identical to those of the initial PCR program. Amplification of desired gene was found in each annealing temperature used but non specific bands also appeared, the desired result without non specific band was obtained at 70 o C.
16S rDNA (200 bp with GC clamp) was amplified with the forward primer containing GC clamp at 5' end (F352T:5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GAC TCC TAC GGG TGG C-3' and 519r: 5'-ACC GCG GCT GCT GGC AC-3') in 25 μl of reaction mixture containing 1×PCR buffer, 2.5mM MgCl2(Bangalore Genei, India), 100 ng of the template DNA, 25.0 pmol each of the forward and reverse primers, 250 μM each of dNTPs, and 1 U of Taq DNA polymerase (Bangalore Genei, India 
Perpendicular DGGE
Perpendicular DGGE was performed with a "The Decode Universal Mutation Detection System" (Bio-Rad Laboratories, USA). A uniform gradient gel of 0% to 100% denaturant was prepared which was changed several times so as to optimize suitable concentration and finally 20 to 60% denaturant was found optimal for the best result. Gels of 6% polyacrylamide (37:1 acrylamide-bisacrylamide) were prepared at every time. The gel was kept for polymerization for 1-2 h, and then it was run at 100V for 3 h at constant temperature of 60 o C in 1X TAE buffer. After electrophoresis, the gels were stained in 1 X TAE buffer containing ethidium bromide (0.1 mg/L) and photograph was taken with gel documentation unit (Bio-Rad Laboratories, USA).
Construction and Validation of the DGGE Ladder
The DGGE ladder consisting of PCR amplified products of nine pure bacterial cultures were obtained by using two different sets of primers. The first DGGE ladder was prepared by 400 bp fragment of 16S rDNA with GC clamp and the second DGGE ladder was prepared with 200 bp fragment of 16S rDNA with GC clamp (see Fig. 2 A, B) . Gels of 8% acrylamide (37:1 acrylamide-bisacrylamide) were prepared with 40 and 60% denaturant for 400 bp primer and between 40 and 70% denaturant for 200 bp primer where 100% denaturant defined as 7M urea and 40% (vol/vol) formamide. The gels polymerized in about 2 h and were run at 100 V for 3 h and thereafter changed to 120V for 5 h and 50 minutes, the temperature was kept at 60 o C constantly in 1 X TAE buffer. After electrophoresis, the gels were stained in 1 X TAE buffer containing ethidium bromide (0.1 mg/L) and photograph of gel was taken in gel documentation unit (Bio-Rad Laboratories, USA).
Results and Discussions
16S rRNA Gene Amplification and DGGE
For performing DGGE and its optimization, two primers V2-V3 regions with GC clamp (400 bp amplicon) and F352T-GC clamp and 519r (200 bp amplicon) were selected which showed amplification of desired amplicon in all the isolates. The perpendicular DGGE of these amplicons based on their melting behavior clearly demonstrated separation of different isolates. The 16S rDNA fragment amplified with primer set of V2-V3 regions with GC clamp showed separation between 40-60% of denaturant ( Fig. 1 ) whereas amplicon amplified with F352T and 519r primer set was separated between 40-70% of denaturants. 
Validation of the DGGE Identification Ladder
Nine identified strains of this study and one reference strain of E. coli JM109 were subjected to DGGE so as to obtain a standard profile of various fragments which could be used for the identification of unknown isolates. Accordingly, two sets of primers were used; i) the 16S rRNA gene primer of V2-V3 region with GC clamp of 400 bp in forward primer; and ii) 16S rRNA gene primer set namely, F352T and 519r. The pattern of DGGE profile for the first primer is shown in Fig. 2A and the profile of other primer is shown in Fig. 2B . It is evident with banding pattern of Fig showed homology in size of band which is evident from lane numbers 4 and 7. Other isolates such as Serratia, Klebsiella and Microbacterium showed distinct pattern and thereby could be easily separated and used as ladder for identification purpose. However it is evident that the first pair of primer could not show diversity on strain level. To resolve this problem the second primer was used. It is evident from Fig. 2B that the primer set F352T and 519r produced a reproducible and different banding pattern for each strain. Once, it became clear that the primer set F352T and 519r could produce a different size of band in different strains, we employed this primer set for diversity analysis of unknown samples.
DGGE Analysis of the Diazotrophic Rhizospheric Bacteria
The DGGE profile based on primer set F352T and 519r for various bacteria present in soil samples of 5 districts of India and 4 districts of Nepal revealed that the number of bands which might be specific for diazotrophic isolates varied from 2 to 11. Analysis of bands showed that the highest number (11) of isolates was present in BN-3 location of Bara district of Nepal and the lowest number (2) of isolates in MGI-2 location of India and RN-3 of Nepal. Further analysis revealed appreciable diversity in diazotrophic populations of all the districts of India and Nepal (Fig. 3) .
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Dendrogram Based on DGGE Profile
The dendrogram constructed on the basis of DGGE profile of various samples of 5 districts of India and 4 districts of Nepal is shown in Fig. 4 . It is evident from the results that all the samples could be clustered in nine groups with 58-96% similarity to each other. Among all these 37 samples, only Var-4 and Var-5 showed 100% similarity, no other samples from any site showed 100% similarity.
Discussion
In general, genetic information on natural bacterial communities and correlation with their specific environmental conditions are limited and such study has not been made in Indo-Nepal border region until now. With the advent of molecular techniques, elucidation of microbial community structure, physiological functions of each member of the community, and genetic interaction in nature have become easier. In the present study we have employed DNA fingerprinting techniques to decipher phylogenetic relationship among diazotrophic bacterial populations obtained from the rhizosphere of rice plant, specifically from Indo-Nepal border, after enrichment in modified JNFb -medium (Döbereiner, 1995; Shrivastava, 2013a, b, c) . Accordingly we selected 16S rDNA to establish phylogenetic relationships among various isolates because this gene is universally present and there are many variable regions in alternate fashion between conserved regions which makes easier to compare the bacterial populations. The variable region between any two conserved regions provides easy way to amplify short fragment of sequence, which helps for sequence-based reliable phylogenetic analysis (Maidak et al., 2001; Shrivastava, 2016 ).
There are several approaches which are frequently used in phylogenetic studies specifically based on the rDNA sequences; electrophoretic pattern obtained after restriction digestion of the 16S rDNA amplicon is one of the simple and convenient methods for deriving phylogenetic relatedness. This technique, popularly known as Amplified Ribosomal DNA Restriction Analysis (ARDRA) has been successfully used to analyze phylogenetic relatedness in the bacterial communities (Heyndrickz et al., 1996) . Taking into account the above approach, 16S rDNA was amplified in the selected 33 isolates with a pair of primer designed from the conserved region of the gene (Weisburg, 1991) and digested with two tetra-cutting restriction endonucleases in order to reveal the restriction fragment length polymorphism of 16S rDNA. On the basis of shared DNA fragments, the isolates were found to be phylogenetically different among each other. Similar to our study, PCR-RFLP analysis of small subunit of rDNA has also been used for grouping large number of rhizobia nodulating Australian Acacia sp. (Lafay and Burdon, 2001) . This method has also been applied in biodiversity study of an Acinetobacter population isolated from activated sludge (Barbeiro and Fani, 1998) . The phylogenetic distances among the isolates are deciphered by a dendrogram, which is built after calculating the phylogenetic distances on the basis of number of shared DNA fragments. In the present investigation level of similarity varied from 71% to 98% in different isolates suggesting significant genetic relatedness.
ARDRA data showed genetic diversity among all the 33 isolates but for further confirmation another approach which shows multilocus analysis, ERIC-PCR was preferred and used for rapid study of molecular polymorphism among bacterial isolates. Any one PCR-based assay is not sufficient for molecular diversity analysis or taxonomic assignment therefore it is always useful to apply a number of molecular tests. In general the distribution of repetitive sequences (BOX and ERIC) has been employed in elucidating the genomic diversity in a number of bacteria (Selenska-Pobel et al., 1995) . In our study, the bacterial isolates were analyzed by ERIC-PCR where 2-7 bands were generated and 76-97% similarity was observed. Reproducible result of the ERIC profile was evident by the fact that identical banding pattern was obtained when replicate samples were run together. ERIC-PCR-generated fingerprints, allowed us to grouping the isolates into nine clusters. Similar to our approach other workers have also applied ERIC-and BOX-PCR for studying the bacterial diversity of rice-associated diazotrophic bacteria (Mirza et al., 2000) and putative endophytic bacteria isolated from seedlings of rice (Stoltzfus et al., 1997) .
The sequencing of 16S rDNA and phylogenetic analysis approach for identification and similarity studies have been used in this study. The sequences extracted from amplified DNA represented mainly three bacterial groups (α-proteobacteria, γ-proteobacteria and actinobacteria). The isolate AF-5A, an isolate from Varanasi showed similarity with Serratiamarcescen which is consistent with the previous report (Grimont et al., 1981) .S. marcescens isolated from soil or plant materials and non-clinical S. marcescens are regarded as beneficial rhizobacterium due to its chitinase activityand its ability to induce systematic resistance in plants (Kalbe et al., 1996) . In another reportS. marcescens strain IRBG 500 capableof N2fixing, was isolated from the roots of rice, and had a growth-promoting effect on rice seedlings (Gyaneshwar et al., 2001; Tan et al., 2001) .Our three isolates (ECI-10A, AF-4C and BN-4A) belong to Klebsiella sp, a finding similar to the report of Bagwell et al., 1998; Lovell et al., 2000 . In a recent report, various strains of Pseudomonas sp. and Agrobacterium sp. showing plant growth promoting potentials have been isolated from the rhizosphere of Chinese cabbage (Yim et al.,2009) .Our findings showed that isolates PN-4D and AF-4B show 99.0% and 100.0% similarity with Pseudomonas sp., thereby can be easily placed in this genus. AF-1D and BN-2A showed 100.0% similarity with Agrobacterium sp. and resembles to the isolate reported by Yim et al. (2009) .
In addition to DNA fingerprinting, protein profile of selected eight isolates was also analyzed to establish phylogenetic relationship. Clustering of isolates on the basis of SDS-PAGE pattern clearly demonstrated that they were clustered in 4 groups. Electrophoretic pattern showed subtle differences among all the isolates suggesting that they are not closely related species or strain of any individual bacterium. Results of DNA finger printing and protein profile allow us to conclude that molecular diversity does exist among all these rhizospheric diazotrophs.
At present denaturing gradient gel electrophoresis (DGGE) of 16S rDNA gene has become more common for a direct comparison of structural diversity among different microbial communities. This molecular method has been used by many researchers to detect shifts of environmental changes such as heavy metals contaminations, agricultural practices, seasonal fluctuations, fluctuations due to temperature and soil particle size fractions on the relative frequency of dominant phylotypes of the whole community (Cherif et. al., 2008) . In the present study, DGGE profiles from 5 districts of India and 4 districts of Nepal showedcomplex banding patterns, which indicate the high level of diversity of bacteria. Comparison between DGGE patterns, based on the comparison of the dominant species colonizing each rice rhizosphere sample showed close similarities between isolates of India and Nepal a fact similar to previous report (Cherif et. al., 2008) . Predominance of gram-negative bacteria has been reported in the rice straw (Sugano et al., 2005) and rice straw compost (Tanahashi et al., 2005) added into the flooded paddy field soil. Furthermore members of α-, γ-and δ-proteobacteria, Chloroflexi, Bacteroidetes, Acidobacteria, Verrucomicrobia and Spirochaetes were found to be close relatives of the predominant bacteria present in rice straw (Sugano et al., 2005) and/or in rice straw compost (Tanahashi et al., 2005) . In the present study sequencing of some of the isolates showed predominance of gramnegative bacteria belonging to α-and γ-proteobacteria and matched with the previous report (Tanahashi et al., 2005) . Altogether DGGE profile of rice rhizosphere of Indo-Nepal border showed high diversity, however detailed study is required to resolve the total bacterial population structure and range of diversity prevailing therein.
